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Abstract 
In many cast metals fatigue crack initiates from a defect. The lower bound of the fatigue life in cast components can be estimated 
based on the maximum defect size which is present in a component. In this research the distribution of defects in a ferritic 
spheroidal graphite cast iron component was determined. Then, Gumbel distribution was used to estimate the maximum sizes of 
defects in cylindrical fatigue specimens with different dimensions. Based on estimated maximum defect size, the fracture 
mechanics approach was used to determine the lower bound of the fatigue life for fatigue specimens with different dimensions 
and the geometrical size effect was modeled. 
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1. Introduction 
In cast materials, the fatigue life is often controlled by the growth of cracks initiated from inclusions, nodules or 
other metallurgical defects [1-3]. Therefore to calculate the fatigue life or strength, such defect features can be 
considered as input parameters in fatigue life assessment. The effect of inclusions on fatigue strength can be studied 
by considering the defects as small cracks and use of the fracture mechanics [4-5].  
Fatigue evaluation approaches for defect containing materials usually neglect the crack initiation stage [6-7]. 
Therefore fatigue life and fatigue limit are assumed to be controlled by the crack propagation law and by the 
threshold stress intensity factor, respectively. In a given volume of material subjected to the same cyclic stress, the 
fatigue crack initiates from the largest defect or inhomogeneity that is present in the volume. Thus, by estimating the 
size of maximum inclusion (or defect) which could be the origin of a prospective fatigue failure, it will be possible 
to predict the lower bounds of fatigue strength or fatigue life. Also, by estimating the maximum size of defects in 
specimens with different dimensions, it will be possible to model the geometrical size effect [8]. 
 This size estimation can be done by using the statistics of extremes [9-10]. Defects data can be obtained with 
‘block maxima’ or ‘peak over threshold’ sampling [11]. It was demonstrated by Murakami and co-workers that the 
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defects data obtained with such procedures ‘block maxima’ or ‘peak over threshold’, can be successfully described 
using the Gumbel distribution in order to calculate the dimension of the maximum occurring defect [12].  
One possible approach to obtain the fatigue life as a function of the defect is to considering defects equivalent to 
pre-existent cracks. One typical method of expressing defect (or crack) size is the DUHD  parameter model in which 
the square root of the projected defect area is used as a representative parameter for defect size.  
The main aim of this study is to predict the fatigue life for specimens made of ferritic spheroidal graphite cast 
iron and to model the geometrical size effect. DUHD  parameter model is used to obtain the fatigue life based on 
maximum defect size. Defect distribution within a ferritic spheroidal graphite cast iron component was determined 
using the ‘block maxima’ sampling. Then, Gumbel distribution was used to estimate the size of the largest defect in 
cylindrical fatigue specimens with different dimensions, Fig. 1. Finally a newly developed finite element post-
processor, P•FAT, is used to determine the lower bound of the fatigue life of the specimens based on the largest 
estimated defect size. The lower bound of 6-1 curves for fatigue specimens with different dimensions was obtained 
and the geometrical size effect was modeled. 
2. Material and specimens 
The material under investigation was EN-GJS-400-18-LT ductile cast iron with graphite nodules contained 
within a ferritic matrix. Table 1 summarizes the mechanical properties of the material [13]. Detail drawings of the 
specimens are shown in Fig. 1. Specimens were designed according to ASTM standard E 466 – 07 [14]. In order to 
evaluate the geometrical size effect two types of specimens with different volumes were used. 
a)
b) 
Fig. 1. Detail drawings of (a) Ø8 and (b) Ø16 specimens (all dimensions are in mm). 
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3. Inclusion rating 
Gumbel distribution was used to estimate the size of the largest defect in cylindrical fatigue specimens shown in 
Fig. 1. The probability that the size ; of the largest defect is less than a given size [ can be expressed in terms of 
Gumbel’s cumulative distribution function:  
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where O and G  are the location and scale parameter, respectively. From Eq. 1, the 3-th percentile of the distribution 
is
  )lnln( 33[  GO .                                                                                                                                           (2) 
If 9 is the volume of the component under examination and 9 is the inspection volume for detecting the defects, 
the maximum defect occurring once in the component has a return period 7 99 and cumulative probability          
3 = (1í1/7). By substituting the cumulative probability 3 = (1í1/7) into Eq. 2, the dimension of defect in a 
component with 9 volume is: 
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The estimation of the distribution parameters fitting a given sample of defects can be done using different statistical 
methods.  
There have been developed some methods to obtain 2D or 3D distribution of defects using 3D X-ray computed 
tomography [15] or optical inspection [16]. In this research optical inspection and the ‘block maxima’ sampling 
method was used to obtain the defect distribution in a ferritic spheroidal graphite cast iron. Several specimens were 
cut out of a cast iron component and the maximum area of defects in polished sections of these specimens was 
measured. All specimens had the same standard inspection area. Since DUHD  parameter model is used to represent 
the defects size, the maximum defect area in each specimen was measured. Measurement of defects was done on     
Q= 56 standard inspection surfaces with an area 6= 150 mm2 . The area of the maximum defect in each standard 
area was measured by image analysis software. The obtained data are 2D, the exact value of maxDUHD cannot be 
predicted with this 2D data. In order to estimate the exact amount of maxDUHD in a volume, the obtained data should 
be 3D instead of 2D. The method proposed in Ref [5] was used to transform the inspection area 6 to inspection 
volume 90 by assigning a certain thickness to the 2D area 6. The mean value of the LDUHD max, previously measured is 
taken empirically as an appropriate value of the thickness K
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and the standard inspection volume is 90 = K × 60.
 By using the ‘least squares’ method to fit the Gumbel distribution to the square root of the measured maximum 
defect areas, O and G  are obtained to be 0.106 mm and 0.0941 mm, respectively. The inspection volume for 
detecting the defects, 9, was obtained to be 20 mm3.
4. Size effect 
As shown in the above section, by increasing the volume of the specimen, the maximum defect size will increase. 
In order to estimate the lower bound of fatigue strength or life for fatigue specimens shown in Fig. 1, with 2 034 
mm3 and 14 260 mm3 gage volume, the maximum sizes of defects in these specimens are required. The return period 
for these specimens is 102 and 713, respectively. By using Eq. (3) the estimated maximum DUHD  in these 
specimens will be 0.54 mm and 0.72 mm, respectively. 
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5. Fatigue life prediction 
By having the maximum defect size in fatigue specimens, it will be possible to estimate the lower fatigue life 
bound for these specimens.  
An in-house developed finite element post-processor, P•FAT, was used to perform the fatigue crack growth 
calculations. To obtain the fatigue life, defects are considered equivalent to pre-existent cracks. The crack like 
defects are assumed to grow on the plane of maximum principal stress. Failure of a component occurs if the stress 
intensity factor . has reached the fracture toughness .1C. Paris-Erdogan law was used for fatigue crack growth 
calculations
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where dD/d1 is crack growth rate and ǻ. is stress intensity range. & and P are crack growth constant and crack 
growth exponent, respectively. The values of & and P for the material used in this research are given in Table 1. The 
crack growth constants represented in Table 1 are for load ratio of 5= 0.1. Walker equation was used to consider the 
mean load effect  
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where Ȗ is the walker exponent. The constant & of the crack growth law, the stress range, the fatigue limit and the 
threshold stress intensity range can all be transformed to 5 = 0 by using Walker’s equation as shown in [17,18]. The 
exponent P of the crack growth law generally varies only weakly with 5 [19] and is assumed to be constant in this 
work. The value of Ȗ for the material used in this research is given in Table 1.  
Weight functions [20], together with the stress field of the crack free component, are used to compute the 
required stress intensity factors. To calculate the fatigue life, P•FAT needs stress distribution in the fatigue 
specimen. The fatigue specimen was modeled in ABAQUS. A reference axial load was applied to fatigue specimen 
and stress distribution over the component was determined. Fig. 2 shows stress distribution in Ø16 fatigue specimen. 
To perform fatigue crack growth calculation, FE model was imported in P•FAT. Defect was inserted on the surface 
of specimen, Fig. 3, and crack growth analysis was performed to develop the crack and calculate the fatigue life. In 
order to obtain 6-1 curves, fatigue lives were obtained at different stress amplitudes. The obtained 6-1 curves which 
represent the lower bound of fatigue life for Ø8 and Ø16 specimens are shown in Fig. 4. Table 1 shows material 
properties used in simulations. 
Fig. 2. Stress distribution in Ø16 fatigue specimen
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Fig. 3. Defect inserted on the Ø16 fatigue specimen surface
Fig. 4. The lower bound of 6-1 curve for Ø8 and Ø16 specimens 
Table 1. Material properties used in the simulations  
Modulus of elasticity, ( (GPa) 167 
Crack growth exponent, P 5 
Crack growth constant & (MPa, m) 4.27 × 10-13
Stress ratio for the crack growth constant, 5 0.1 
Walker exponent, Ȗ 0.44 
6. Conclusion 
The defect distribution was obtained in a ferritic spheroidal graphite cast iron. Gumbel distribution was used to 
model the defect distribution. Maximum size of defects in fatigue specimens with different dimensions were 
estimated by Gumbel distribution. Fatigue crack growth simulations were performed to determine the lower bound 
of 6-1 curves for fatigue specimens. The lower bound of fatigue life for fatigue specimens was obtained based on 
the estimated maximum defect size. The geometrical size effect was modeled for fatigue specimens with different 
volumes. 
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